Objectives: Motorcycle helmet laws vary by state, with Kentucky requiring helmets only for younger riders. We hypothesized that motorcyclists injured in Kentucky and seen at a Tennessee trauma center would be more likely to be unhelmeted, have more severe head injuries, and sustain more fatal injuries than those injured in Tennessee or Virginia.
I
n 1998, Kentucky repealed its universal motorcycle helmet law requiring helmet use only by motorcycle operators and passengers younger than 21 years, those who possess a motorcycle instruction permit, and those who have had a motorcycle operator's license for <1 year. 1 A provision requiring helmet use by motorcycle owners who did not have at least $10,000 of medical coverage was repealed effective July 2000.
On February 23, 2016, the Tennessee House Committee on Finance, Ways, and Means heard House Bill 700, a bill to repeal Tennessee's Universal Helmet Law. House Bill 700 would exempt drivers and passengers older than 21 years of age from the requirement to wear a helmet while operating or riding motorcycles if they were covered by health or medical insurance other than insurance through TennCare. 2 It also would make a violation of the helmet law a secondary offense.
A large volume of the literature has quantified the consequences of not wearing a helmet while riding a motorcycle. 3 Although motorcycle riding and registration are increasing and more states with universal helmet laws are introducing bills to repeal their laws, the debate continues on the personal advantages of helmet usage.
Wellmont Holston Valley Level I Trauma Center is located in Kingsport, Tennessee and is a university-affiliated teaching program with five fellowship-trained trauma and acute care surgeons and a surgeon-staffed surgical intensive care unit (SICU). It covers a large catchment area that includes northeast Tennessee, eastern Kentucky, and southwest Virginia. This facility receives a large number of unhelmeted motorcycle crash victims from Kentucky with serious head injuries and many eventual deaths. Tennessee and Virginia, which have universal motorcycle helmet laws, border the state of Kentucky, which has only a partial motorcycle helmet law. The purpose of the study was to evaluate demographics and injury risk factors, including state location of injury, motorcycle helmet use, and clinical outcomes among motorcyclists admitted to a trauma center as a guide for injury prevention efforts.
• A large volume of the literature has quantified the consequences of not wearing a helmet while riding a motorcycle.
• Although motorcycle riding and registration are increasing and more states with universal helmet laws are introducing bills to repeal their laws, the debate continues on the personal advantages of helmet usage.
• We found that motorcyclists injured in Kentucky, a state with only partial helmet laws and seen at our northeast Tennessee trauma center, were more likely to be unhelmeted, have worse head injuries, have higher fatality rates, and have longer lengths of hospital stay than motorcyclists injured in Tennessee or Virginia.
• All states should have universal motorcycle helmet laws that are enforced aggressively.
Methods
This retrospective cross-sectional trauma registry study included all patients involved in motorcycle crashes and admitted to a level I trauma center in northeast Tennessee from June 1, 2005 to June 1, 2015. Patients in whom the location of injury or helmet use was unknown were excluded in the subgroup analysis comparing demographics, helmet use, and outcomes including death. The Wellmont Holston Valley Hospital Level I Trauma Center institutional review board approved this study.
The following factors were documented: patient demographics, injury patterns, outcomes, date of admission, age, state location of injury, disposition to operating room/SICU/ward, SICU/hospital lengths of stay, discharge disposition (including nursing facility, rehabilitation, skilled nursing, or death), functional level on discharge, helmet status, Abbreviated Injury Scale scores (for head and neck, chest, abdomen, and extremity), Injury Severity Score, and operative procedures performed. Motorcycle crash patients were divided into earlier and later 5-year time periods, June 2005 through June 2010 and June 2010 through June 2015 to detect differences in rider characteristics and clinical outcomes during the 10-year study period.
Patients were categorized by age groups: younger than 16 years old, 16 through 25 years old, 26 through 49 years old, 50 through 59 years old, and older than 60 years old. Statistical analyses included t test for continuous variables and χ 2 test for categorical variables. Univariate analyses were performed to investigate potential differences in subjects with regard to age, helmet use, sex, state location of accident, injury characteristics, and clinical outcomes. Logistic regression was performed to determine relative risk (RR) for predictors of severe head injuries and death.
Results
During the study period of 2005-2015, 729 injured motorcyclists were admitted to this northeast Tennessee level I trauma center. The average age was 37.0 years, with a significant increase in age during the study time period. Males comprised 90% of injured individuals. Injury severity was moderately severe, with an average Injury Severity Score of 12.8. The average Glasgow Coma Scale score was 13.7. Abbreviated head injury scores were moderately severe overall. Twenty percent of patients were admitted to the SICU. The average length of SICU stay was 1.9 days, and average hospital length of stay was 5.9 days. Kentucky motorcyclists had 1.7 days longer average hospital length of stay than Tennessee motorcyclists (Table 1) .
Of 729 total motorcycle crashes, 635 had documented evidence of both helmet status and the state location of injury. Demographics, injury characteristics, helmet use, and outcomes including deaths were evaluated in these 635 patients. There were 31 deaths. Unhelmeted motorcycle rider status predicted more severe head injuries (RR 15.3, P < 0.001) and death (RR 4.2, P < 0.001.) Motorcyclists injured in the state of Kentucky and transported to the trauma center in Kingsport, Tennessee were more likely to be unhelmeted, require an operative procedure, have more severe head and neck injuries, have longer lengths of stay, and sustain more fatal injuries (all with P < 0.001) than motorcyclists injured in Tennessee or Virginia. Motorcycle fatalities from Kentucky were younger and included more female cyclists than those injured in Tennessee or Virginia (P < 0.001; Table 2 ). Of Kentucky motorcyclists, 41.1% (51) were helmeted compared with 88.5% (317) of Tennessee and 80.6% (125) of Virginia motorcyclists (all P < 0.001).
Discussion
Motorcycle crashes are a significant cause of injury-related disability and fatalities. 4 In particular, head injury is a common associated cause of death and long-term disability after a motorcycle crash. 5 Despite these facts, controversy remains as to the survival and disability advantages for riders who wear motorcycle helmets. 6 In the public and legislative sectors, significant policy controversy is ongoing, resulting in a push to retain partial coverage helmet laws and to repeal universal helmet laws in many others. The Eastern Association for the Surgery of Trauma Practice Management Guidelines study "Helmet Efficacy to Reduce Head Injury and Mortality in Motorcycle Crashes" 7 posed the question: Do geographical areas (ie, aggregate states) that have universal helmet laws have a higher or lower death rate or head injury rate after motorcycle crashes when compared with areas without a universal helmet law? Using evidence-based methodology, MacLeod and coauthors 7 reviewed 507 articles on helmet safety for motorcycles that compared helmeted riders with unhelmeted riders for different outcomes. They provided four comprehensive evidence-based conclusions that confirmed the value of motorcycle helmets in decreasing overall mortality and head injury severity and head injury-related deaths:
1. The use of motorcycle helmets decreases the overall death rate of motorcycle crashes when compared with unhelmeted riders. 2. The use of motorcycle helmets decreases the incidence of lethal head injury in motorcycle crashes when compared with unhelmeted riders. 3. The use of motorcycle helmets decreases the severity of nonlethal head injuries in motorcycle crashes when compared with unhelmeted riders. 4. Mandatory universal helmet laws reduce mortality and head injury in geographical areas with the laws when compared with areas without them.
Numerous studies from around the world have documented the relation of helmet use and head injuries and mortality among motorcycle crash victims. [8] [9] [10] Several retrospective cross-sectional studies in which outcomes of motorcycle crashes are compared before and after either the repeal of or the enactment of a mandatory universal helmet law have been performed. [11] [12] [13] Christian and coauthors 14 performed a retrospective review of head injury and head injury severity after a motorcycle crash from a single level I trauma center from 1995 to 2000 in Kentucky. Of note, Kentucky amended its universal helmet law in 1998 to limit the helmet use requirement to riders younger than 21 years. The authors concluded that an unhelmeted rider was more likely (RR 4.33) than a helmeted rider to sustain a head injury and he or she also was more likely (RR 4.36) than unhelmeted riders to sustain a severe head injury.
A retrospective review by Croce and coauthors 15 of the 2002-2007 National Trauma Data Bank showed that helmeted trauma patients had a lower odds of death than unhelmeted trauma patients. Helmeted patients had better Glasgow Coma Scale scores. Logistic regression analysis indicated that helmet use has a strong protective effect on in-hospital mortality. Croce concluded that unhelmeted motorcycle crash patients experience more severe brain injuries, consume more resources, and have the worst payer mix; society bears a large financial burden for these uninsured unhelmeted patients; there is a survival advantage for helmeted patients; and all states should institute universal motorcycle helmet laws that are enforced aggressively.
In 1999, Louisiana repealed its universal motorcycle helmet law to exempt riders 18 years of age and older with $10,000 health insurance policies. The fatality rate increased from 3.0% per collision to 3.7% after repeal. Helmet use decreased from 71.4% to 35% after repeal of helmet laws in Louisiana. 16 Two studies compared regions with and without helmet laws. Houston and Richardson 17 developed a model for motorcycle crash fatality as a function of a state's helmet law while controlling for minimal legal drinking age, partial versus full helmet laws, 0.08 blood alcohol concentration law, roads with maximum speed limit of 65 mph, daily temperature, daily percentage of precipitation, sex, age, per capita income, per capita alcohol consumption, and population density. Their results showed 1.3 fewer fatalities per 10,000 motorcycle registrations in helmet law states that can be attributed in their model to the presence of the helmet law. Furthermore, using hospital discharge data from 33 states, Coben et al 18 calculated an RR of 0.65 (P < 0.05) and 0.72 (P < 0.05), respectively, for severe head injury and fatalities in states with universal helmet laws when compared with states without universal helmet laws.
In 2010, the 4502 motorcyclists (operators and passengers) killed in motorcycle crashes made up 14% of all road traffic deaths, yet motorcycles accounted for <1% of all vehicle miles traveled. 19 Helmet use consistently has been shown to reduce motorcycle crash-related injuries and deaths, and the most effective strategy to increase helmet use is enactment of universal helmet laws. 20 Universal helmet laws require all motorcyclists to wear helmets whenever they ride. To examine the association between states' motorcycle helmet laws and helmet use or nonuse among fatally injured motorcyclists, the Centers for Disease Control and Prevention analyzed 2008-2010 National Highway Traffic Safety Administration data from the Fatality Analysis Reporting System, a census of fatal traffic crashes in the United States. The findings indicated that, on average, 12% of fatally injured motorcyclists were not wearing helmets in states with universal helmet laws, compared with 64% in partial helmet law states (laws that only required specific groups, usually young riders, to wear helmets) and 79% in states without a helmet law. 21 A study in 2016 examined helmet use and characteristics of helmeted operators and their riding conditions in Michigan, following a weakening of the state's universal motorcycle helmet use law in April 2012. They concluded that helmets are highly effective in preventing such trauma, and jurisdictions that require helmet use of all motorcyclists have higher rates of helmet use and lower rates of head injuries among motorcyclists. 22 Our study has limitations, which include lack of crash details (eg, collisions with other vehicles, road conditions, time of day, status as driver or passenger, lack of drug or alcohol intoxication information, determination of location of some accidents, types of helmets used, changing state laws for helmets, the retrospective nature of trauma registry studies). It is possible that poor decision making, manifested as driving while intoxicated or at high speeds, is related to the choice not to wear a helmet when riding a motorcycle; this is a potential topic for further research.
Conclusions
We evaluated the epidemiology, helmet status, and outcomes of motorcyclists injured during a 10-year period in Kentucky, Virginia, and Tennessee, which have varying motorcycle helmet safety laws, and who were admitted to a single-level I trauma center in Tennessee. Many of the demographics and outcomes of our motorcycle injury population as a whole are similar to previously cited studies. We found that motorcyclists injured in Kentucky and seen at our northeast Tennessee trauma center were more likely unhelmeted, had worse head injuries, higher fatality rates, and longer lengths of hospital stay than motorcyclists injured in Tennessee or Virginia.
Our study supports a survival advantage for helmeted motorcyclists and suggests that all states should have universal motorcycle helmet laws that are enforced aggressively. At a time when the Tennessee state legislature, advocacy and lobbyist groups, and governmental entities nationwide are considering rescinding universal motorcycle helmet laws and even partial motorcycle helmet laws, it is hoped that we will add more evidence and perspective to help counteract legislation and safety policy regarding motorcycle helmets that would likely be counterproductive to the public health.
Our trauma center has a privately funded injury prevention program that enables comprehensive efforts toward injury education, including motorcycle helmet use. The outreach effort includes schools, civic organizations, public media, and state and local government. We plan to conduct a study to assess possible results of motorcycle injury prevention efforts and trends for motorcycle helmet safety.
